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PATENT 
8036-1002 

IN THE U.S. PATENT AND TRT^EMARK OFFICE 

In re application of: Toshiko YOKOTA et al. 

Appl. No.: NEW Group: 

Filed: March 11, 2002 Examiner: 

For: HIGH CURRENT DENSITY ELECTROLYTIC 

REFINING METHOD OF COPPER 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents March 11, 2002 

Washington, DC 20231 

Sir: 

The following preliminary amendments and remarks are 
respectfully submitted in connection with the above-identified 
application . 

IN THE ABSTRACT OF THE DISCLOSURE : 

Delete the abstract as originally filed which appears on 
page 24. Add new abstract as . enclosed herewith on a separate 
sheet . 

IN THE CLAIMS : 

Please amend the claims as follows: 

— 3. (Amended) The method for electrolytically 

refining copper at a high current density according to claim 
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1, wherein the cathode used is a starting copper plate, a 
titanium plate or an SUS plate. 

4. (Amended) The method for electrolytically refining 
copper at a high current density according to claim 1, wherein 
slime is removed using a filter having a minimum retention 
particle size of not more than 20nin. 

5. (Amended) The method for electrolytically refining 
copper at a high current density according to claim 1, wherein 
the electrolyzation is carried out under conditions, which 
satisfy the following inequalities: 

X > 350; 600 > Y > 80; and Y > 250 x { (X - 350)/350}^/2 
wherein the current density is defined to be X A/m^ and the 
average velocity of the electrolyte passing through the space 
between the electrodes is defined as Y m/h. 

7. (Amended) The method for electrolytically refining 

copper at a high current density according to claim 1 wherein 
the electrolyzation is carried out without reversing the 
direction of the electric current.— 
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Please add the following claims: 
— 8. (New) The method for electrolytically refining 
copper at a high current density according to claim 2, wherein 
the cathode used is a starting copper plate, a titanium plate 
or an SUS plate. — 



— 9. (New) The method for electrolytically refining 
copper at a high current density according to claim 2, wherein 
slime is removed using a filter having a minimum retention 
particle size of not more than 20 pm. — 



— 10. (New) The method for electrolytically refining 
copper at a high current density according to claim 3^ wherein 
slime is removed using a filter having a minimum retention 
particle size of not more than 20 pm. — 



--11. (New) The method for electrolytically refining 
copper at a high current density according to claim 8, wherein 
slime is removed using a filter having a minimum retention 
particle size of not more than 20 pm. — 

— 12, (New) The method for electrolytically refining 
copper at a high current density according to claim 2, wherein 
the electrolyzation is cared out under conditions, which 
satisfy the following inequalities: 



3 



Docket No. 8036-1002 

X > 350; 600 > Y > 80; and Y > 250 x { (X - 350) /SSO}^/^ 
wherein the current density is defined to be X A/m^ and the 
average velocity of the electrolyte passing through the space 
between the electrodes is defined as Y m/h. — 

— 13. (New) The method for electrolytically refining 
copper at a high current density according to claim 10, 
wherein the electrolyzation is carried out under conditions, 
which satisfy the following inequalities: 
X > 350; 600 > Y > 80; and Y > 250 x { (X - 350) /350}^/^ 
wherein the current density is defined to be X A/m^ and the 
average velocity of the electrolyte passing through the space 
between the electrodes is defined as Y m/h. — 

--14. (New) The method for electrolytically refining 
copper at a high current density according to claim 11, 
wherein the electrolyzation is carried out under conditions, 
which satisfy the following inequalities: 
X > 350; 600 > Y > 80; and Y > 250 x { (X - 350)7350}^''^ 
wherein the current density is defined to be X A/m^ and the 
average velocity of the electrolyte passing through the space 
between the electrodes is defined as Y m/h. — 

— 15. (New) The method for electrolytically refining 
copper at a high current density according to claim 12, 
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wherein the electrolyzation is carried out under conditions, 
which satisfies the following inequalities: 
X > 400 and 600 > Y > 260 x { (X - 350 ) /350 } 

— 16. (New) The method for electrolytically refining 
copper at .a high current density according to claim 13, 
wherein the electrolyzation is carried out under conditions, 
which satisfies the following inequalities: 
X > 400 and 600 > Y > 260 x { (X - 350 ) /350 } 

— 17. (New) The method for electrolytically refining 
copper at a high current density according to claim 14, 
wherein the electrolyzation is carried out under conditions, 
which satisfies the following inequalities: 
X > 400 and 600 > Y > 260 x { (X - 350 ) /350 } 

— 18. (New) The method for electrolytically refining 
copper at a high current density according to claim 2, wherein 
the electrolyzation is carried out without reversing the 
direction of the electric current. — 

--19- (New) The method for electrolytically refining 
copper at a high current density according to claim 16, 
wherein the electrolyzation is carried out without reversing 
the direction of the electric current- — 
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— 20. (New) The method for electrolytically refining 
copper at a high current density according to claim 17, 
wherein the electrolyzation is carried out without reversing 
the direction of the electric current. — 
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REMARKS 

Claims 1-20 are pending in the present application. 
Claims 8-20 have been added . 

Entry of the above amendments is earnestly solicited. 
An early and favorable first action on the merits is earnestly 
requested. 

Should there be any matters that need to be resolved in 
the present application, the Examiner is respectfully requested 
to contact the undersigned at the telephone number listed below. 

Attached hereto is a marked-up version of the changes 
made to the claims by the current amendment. The attached page is 
captioned ''VERSION WITH MARKINGS TO SHOW CHANGES MADE." 

The Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 25-0120 for any additional 
fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17. 



Respectfully submitted, 
YOUNG & THOMPSON 



Benoit Castel, Reg. No. 35,041 



745 South 23^"^ Street 
Arlington, VA 22202 

BC/bam Telephone (703) 521-2297 

Attachments 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

IN THE CLAIMS : 

The claims have been amended as follows: 

3 . (Amended) The method for electrolytically refining 

copper at a high current density according to claim 1 or 2. , 
wherein the cathode used is a starting copper plate, a 
titanium plate or an SUS plate. 

4 ■ (Amended) The method for electrolytically refining 

copper at a high current density according to any one of 
claimo — 1 — te — 3- rclaim 1, wherein slime is removed using a filter 
having a minimum retention particle size of not more than 
20|jm. 

5 , (Amended) The method for electrolytically refining 

copper at a high current density according to any one of 
claimo — 1 — fe-e — 47 -claim 1, wherein the electrolyzation is carried 
out under conditions, which satisfy the following 
inequalities : 

X > 350; 600 > Y > 80; and Y > 250 x { (X - 350) /350}^^^ 
wherein the current density is defined to be X A/m^ and the 
average velocity of the electrolyte passing through the space 
between the electrodes is defined as Y m/h. 
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7 , (Amended) The method for electrolytically refining 

copper at a high current density according to any one of 
claimo — 1 to — 6- rclaim 1 wherein the electrolyzation is carried 
out without reversing the direction of the electric current- 




Abstract 

The method for electrolytically refining copper makes 
use of crude copper as an anode and is characterized in 
that the temperature of the electrolyte in an electrolytic 
cell is maintained at a level of not less than 55°C; that 
the electrolyte is continuously introduced into the 
electrolytic cell from the top of the cell, continuously 
discharged from the bottom of the cell along with slime, 
the slime is removed from the electrolyte discharged from 
the electrolytic cell and the electrolyte free of any slime 
is recirculated in the cell; and that the electrolyte is 
passed through the space between the electrodes at an 
average electrolyte velocity sufficient for allowing the 
electrolyte to flow on the whole surface of the cathode 
downward or in the direction opposite to that of the upward 
stream of the electrolyte generated on the cathode surface 
when the electrolysis is initiated while the electrolyte is 
in the stationary state. 
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SPECIFICATION 



High Current Density Electrolytic Refining Method of Copper 

Technical Field 

The present invention relates to a method for 
electrolytically refining copper at a high current density and 
more specifically to a method for electrolytically refining 
copper at a high current density, which never causes any 
passivation of the anode even when copper is subjected to 
electrolytic refining at a high current density, which never 
causes any adhesion of slime to the surface of the cathode, 
which never forms any nodule (particulate copper) and 
wrinkle-like unevenness on the cathode surface and which 
permits an increased yield of high purity copper without 
increasing the number of electrolytic cells. 

Background Art 

In the electrolytic refining of copper, the 
electrolysis is in general carried out at a current density 
ranging from 200 to 350 A/m^ . In this respect, if copper can 
electrolytically be refined while further increasing the 
current density, it would be possible to achieve an increased 
yield of refined copper without increasing the niomber of 
electrolytic cells. If the current density is increased, 
however, not only the anode undergoes passivation, but also 
wrinkle-like unevenness is generated on the cathode surface 
due to the enhancement of the spontaneous convection current 
generated in the space between the anode and the cathode. 
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Moreover, another problem concerning the electrolytic 
refining of copper arises such that the slime suspended in the 
electrolyte adheres to the cathode surface to thus form 
nodules (particulate copper) on the cathode surface. In any 
case, the purity of the resulting electrolytically refined 
copper is reduced. 

According to the conventional electrolyte circulation 
system used in the electrolytic refining of copper, the 
electrolyte is circulated at a velocity of not more than 0.2 
m/s or in such a manner that the electrolyte is maintained at 
a state almost identical to the stationary state in order to 
prevent any suspension, in the electrolyte, of the slime 
adhered, to the anode surface or settled on the bottom of the 
electrolytic cell. The use of such a low velocity of the 
electrolyte never permits the smooth supply of copper to the 
electrolytic cell and therefore, this makes any increase in 
the current density impossible. 

In addition, there has been proposed a PR electrolysis 
method as a high current electrolytic refining process of 
copper. In this case, however, it is likewise necessary to 
circulate the electrolyte while maintaining such a condition 
that the electrolyte is substantially free of any suspension 
of the slime adhered to the anode surface or settled on the 
bottom of the electrolytic cell and in other words, the 
circulation rate of the electrolyte (the velocity of the 
electrolyte in the electrolytic cell) cannot be increased so 
much. For this reason, the current density can be increased 
only in limited extents. Furthermore, there has also been 
proposed a high current density electrolytic refining 
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technique, which makes use of a channel-type electrolytic 
cell . 

As will be clear from the foregoing description, it 
would be impossible to increase the current density in the 
electrolytic refining of copper simply by raising the 
circulation rate of the electrolyte (the velocity of the 
electrolyte in the electrolytic cell) without causing any 
problem, unless the slime suspended in the electrolyte is 
removed. 

Accordingly, there has still been required for the 
development of a high current density electrolytic refining 
method of copper, which permits the solution of all of the 
problems concerning the passivation of the anode, any adhesion 
of slime onto the cathode surface, any formation of nodules 
(particulate copper) and/or wrinkle-like unevenness on the 
cathode surface and any reduction of the purity of the 
resulting copper and which permits the achievement of an 
increased yield of refined copper without increasing the 
number of electrolytic cells. 

Accordingly, it is an object of the present invention 
to provide a high current density electrolytic refining method 
of copper, which never causes any passivation of the anode 
even when copper is electrolytically refined at a high current 
density, which never causes any adhesion of slime to the 
surface of the cathode, which never forms any nodule 
(particulate copper) and wrinkle-like unevenness on the 
cathode surface and which can ensure an increased yield of 
high purity copper without increasing the number of 
electrolytic cells. 
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Disclosure of the Invention 

The inventors of this invention have conducted various 
studies to achieve the foregoing object, have found that the 
foregoing problems associated with the conventional 
techniques can be eliminated by maintaining the electrolyte 
accommodated in an electrolytic cell at a temperature not less 
than a predetermined level, pouring the electrolyte into the 
electrolytic cell from the top thereof and discharging the 
same out of the bottom of the cell together with the slime and 
recirculating the electrolyte into the electrolytic cell 
after the removal of the slime, to thus allow the electrolyte 
to flow downward on the whole surface of the cathode and have 
thus completed the present invention. 

Therefore, the method for electrolytically refining 
copper at a high current density according to the present 
invention relates to the electrolytic refining of copper, 
which makes use of crude copper as an anode, and is 
characterized in that the temperature of the electrolyte in 
an electrolytic cell is maintained at a level of not less than 
55 °C ; that the electrolyte is continuously introduced into 
the electrolytic cell from the top of the cell, continuously 
discharged from the bottom of the cell along with slime, the 
slime is removed from the electrolyte discharged from the 
electrolytic cell and the electrolyte free of any slime is 
recirculated in the cell; and that the electrolyte is passed 
through the space between the electrodes at an average 
electrolyte velocity sufficient for allowing the electrolyte 
to flow on the whole surface of the cathode downward or in the 
direction opposite to that of the upward stream of the 
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electrolyte generated on the cathode surface when the 
electrolysis is initiated while the electrolyte is in the 
stationary state. 

Brief Description of the Drawings 

Fig. 1 is a graph showing the relation between the 
vertical distance on the cathode surface from the lower end 
of a cathode and the velocity of an electrolyte, observed in 
Test Example 1 and Fig. 2 is a graph showing the relation 
between the current density and the velocity of an 
electrolyte, observed in Test Example 2. 

Best Mode for Carrying Out the Invention 

The inventors of this invention will hereunder 
specifically describe the details how they have completed the 
present invention and the method for electrolytically 
refining copper at a high current density according to the 
present invention • 

The inventors of this invention initiated electrolysis 
while the electrolyte in an electrolytic cell was in a 
stationary state and observed the flow condition of the 
electrolyte on the surface of a cathode and that of the 
electrolyte on the surface of an anode. The flowing condition 
of the electrolyte was observed by dispersing, in the 
electrolyte, a tracer such as fine particles of a pigmented 
resin having a specific gravity almost identical to that of 
the electrolyte. 

The electrolyte upward flows on the cathode surface, 
while it downward flows on the anode surface to thus cause a 



6 



spontaneous convection current within the space formed 
between the cathode and the anode. In this respect, an upward 
flow is generated on the whole surface of the cathode, but the 
velocity of the upward electrolyte stream varies depending on 
the difference between positions on the cathode surface in the 
vertical direction, as will be clear from Test Example 1 
detailed later. More specifically, the inventors have found 
that the velocity thereof is gradually increased from the 
lower end to the middle of the cathode and it is gradually 
reduced from the middle to the upper end of the cathode or the 
velocity of the upward electrolyte stream is maximized at the 
middle of the cathode in the vertical direction and it is 
minimized at the lower end of the cathode. 

Making the electrolyte flow into the electrolytic cell 
at high speed from the bottom thereof and allowing the same 
to flow out of the cell at the top thereof can accelerate the 
flow rate of the electrolyte on the cathode surface. In this 
case, however, a problem arises such that the slime is caught 
in the stream of the electrolyte. Contrary to this, if the 
electrolyte is poured into the electrolytic cell from the top 
thereof and discharged from the bottom of the electrolytic 
cell to thus establish a downward electrolyte stream on the 
whole surface of the cathode, the average velocity of the 
electrolyte passing through the space between the electrodes 
must be determined while taking into consideration the 
velocity of the electrolyte at the middle of the cathode in 
the vertical direction. 

Moreover, when the electrolysis is initiated at a 
variety of current densities while the electrolyte in the 
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electrolytic cell is in a stationary state and the upward 
stream of the electrolyte generated on the cathode surface is 
observed, it has been found that the higher the current 
density, the higher the velocity of the upward electrolyte 
stream, as will be detailed below in Test Example 2. 

The electrolysis was conducted by continuously pouring 
the electrolyte into the electrolytic cell from the top 
thereof so that the electrolyte was passed through the space 
between the electrodes at a variety of average electrolyte 
velocities and the electrolyte was continuously allowed to 
flow out of the cell from the bottom thereof and the flow 
behavior of the electrolyte on the cathode surface was 
observed. In this connection, the velocity of the electrolyte 
passing through the space between the electrodes varies from 
the central portion between the electrodes to the portions 
close to 'the electrodes and therefore, the average velocity 
of the electrolyte used herein means the value determined on 
the basis of the horizontal cross section of the space between 
the electrodes (the area through which the electrolyte passes) 
and the flow rate of the electrolyte. When the average 
velocity was considerably low, the electrolyte, as a whole, 
flowed downward, but the electrolyte flowed upward on the 
cathode surface. When the average velocity of the electrolyte 
was increased to some extent, the electrolyte present on the 
cathode surface comprised an upward flow region, a downward 
flow region and a turbulent flow region. When the average 
velocity of the electrolyte was further increased slightly, 
the electrolyte downward flowed on the majority of the cathode 
surface, but it flowed upward on a part of the cathode surface 
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(on the middle of the cathode surface in the vertical 
direction) and there was also observed a turbulent flow 
region. When the electrolysis was continued under such 
conditions, nodules (particulate copper) and/or wrinkle-like 
unevenness were formed on the cathode surface. 

When the average velocity of the electrolyte was further 
increased, the electrolyte flowed downward on the whole 
surface of the cathode. When the electrolysis was continued 
under such conditions, any nodule (particulate copper) and/or 
wrinkle-like unevenness were not formed on the cathode surface 
and the resulting copper had a considerably high purity. As 
has been described above, the velocity of the upward stream 
of the electrolyte is maximized at the middle of the cathode 
in the vertical direction and therefore, it would be concluded 
that the average velocity of the electrolyte sufficient for 
allowing the electrolyte to flow on the whole surface of the 
cathode downward or in the direction opposite to that of the 
upward stream of the electrolyte generated on the cathode 
surface when the electrolysis is initiated while the 
electrolyte is in the stationary state closely correlates with 
the velocity of the upward electrolyte flow observed at the 
middle of the cathode surface. 

The electrolysis is conducted at a current density on 
the order of 200 to 350 A/m' in the conventional techniques 
as has been discussed above and therefore, the current density 
is preferably increased to a level of higher than 350 A/m^ and 
more preferably not less than 400 A/rv? in the present 
invention. For this reason, as the average velocity of the 
electrolyte sufficient for allowing the electrolyte to flow 



on the whole surface of the cathode downward or in the 
direction opposite to that of the upward stream of the 
electrolyte generated on the cathode surface when the 
electrolysis is initiated while the electrolyte is in the 
stationary state, it is preferred and advantageous to use the 
average velocity of the electrolyte, which satisfies the 
following inequalities, if judging from the results obtained 
in the following Example: 
X > 350; 

600 ^ Y ^ 80; and 

Y S 250 X { (X - 350) /350} ' ' ' 
wherein the current density is defined to be X A/m' and the 
average velocity of the electrolyte passing through the space 
between the electrodes is defined to be Y m/h, and it is more 
preferred to use the average velocity of the electrolyte, 
which satisfies the following inequalities: 

X ^ 400 and 

600 ^ Y ^ 260 X { (X - 350) 7350} ' ' ' 

In each of the foregoing inequalities, the values 350 
and 4 00 concerning the current density X are the foregoing 
preferred current densities. The numerical value of 80 
concerning the average velocity Y of the electrolyte is an 
average velocity of the electrolyte required for ensuring the 
downward electrolyte stream on the whole surface of the 
cathode even when the current density X is less than 386 A/m^ 
(or when the value of 260 X { (X - 350) 7350} ' ' ' is not more than 
80) . The numerical value of 600 concerning the average 
velocity Y of the electrolyte is the upper limit for 
continuing the electrolysis operation without imparting any 
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particular load or burden to the electrolytic cell and/or the 
circulation pump and therefore, if the load applied to or the 
energy loss in the electrolytic cell and/or the circulation 
pump can be neglected, the electrolyzation operation can be 
continued even when the average velocity Y of the electrolyte 
is further increased. The niomerical values of 250 and 260 are 
coefficients estimated on the basis of the results obtained 
in Example as will be detailed later. 

In the high current density electrolyzation method of 
copper according to the present invention, it is necessary to 
maintain the temperature of the electrolyte contained in the 
electrolytic cell at a level of not less than 55 °C , preferably 
not less than 60 °C and more preferably not less than 65 °C in 
order to prevent any passivation of the anode* When the 
temperature of the electrolyte contained in the electrolytic 
cell was maintained at 55 *C , the anode voltage gradually 
increased as the electrolyzation operation was further 
continued after the continuation of the electrolyzation over 
a certain period of time, when a current density was high, but 
the electrolyzation operation could be continued to the last 
extremity. When the temperature of the electrolyte contained 
in the electrolytic cell was maintained at 60 *C , the anode 
voltage gradually increased as the electrolyzation operation 
was continued after the further continuation of the 
electrolyzation over a long period of time, when a current 
density was high, but this exerted almost no influence on the 
electrolyzation efficiency. When the temperature of the 
electrolyte contained in the electrolytic cell was maintained 
at 65 f there was not observed any increase of the anode 
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voltage due to the continuation of the elect rolyzation 
operation even when a high current density was used. 

In the high current density electrolyzation method of 
copper according to the present invention, crude copper is 
used as the anode and the cathode used herein may be, for 
instance, a starting copper plate, a titanium plate or an SUS 
plate. In addition, the purity or the like of the crude 
copper, the kind of the cathode, the relative arrangement of 
the anode and cathode or the like may be the same as those used 
in the usual electrolytic refining method of copper. 

In the high current density electrolyzation method of 
copper according to the present invention, the electrolyte is 
continuously introduced into the electrolytic cell from the 
top thereof and continuously discharged from the cell through 
the bottom thereof. At this stage, it is preferred that the 
electrolyte flows, without any contamination thereof with air 
(generation of air bubbles) , uniformly through the spaces 
between each neighboring electrodes and in the vertical 
direction or under the conditions almost similar thereto. To 
this end, the following various methods can, for instance, be 
adopted: 

A method comprising the steps of providing a plurality 
of thin pipes each having a slit extending along the 
longitudinal direction of the pipe; arranging these thin pipes 
in the spaces between the anodes and the cathodes and the 
exterior of the anodes on the both ends, in the direction 
parallel to that of the electrode plates of the electrolytic 
cell and immersing the pipes in the upper portion of the 
electrolyte; connecting these thin pipes to a conduit pipe 
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positioned in the exterior of the electrolytic cell; and then 
pouring the electrolyte into the pipes through the conduit 
pipe to thus allow the electrolyte to uniformly flow through 
each space between neighboring two electrodes through the 
slits; 

A method comprising the steps of forming, on a pipe, one 
or at least two slits extending along the longitudinal 
direction of the pipe or a plurality of slits extending along 
the direction perpendicular to the longitudinal direction of 
the pipe; arranging at least one such pipe on the both side 
walls of the electrolytic cell or above the electrodes, in the 
direction perpendicular to that of the electrode plates of the 
electrolytic cell (in this case, the shapes of the anodes and 
cathodes should be changed) and immersing these pipes in the 
upper portion of the electrolyte; connecting these pipes to 
a conduit pipe positioned in the exterior of the electrolytic 
cell; and then pouring the electrolyte into the pipes through 
the conduit pipe to thus allow the electrolyte to uniformly 
flow through each space between neighboring two electrodes 
through the slits; 

A method, which comprises the steps of setting up a 
plurality of pipes for pouring an electrolyte; and immersing 
at least the tips of these pipes in the electrolyte, to thus 
allow the electrolyte to uniformly flow through each space 
between neighboring two electrodes through the pipes; or 

A method, which comprises the step of setting up current 
plates or forming the upper portion of an electrolytic cell 
into an inverted funnel-like shape to thus allow an 
electrolyte to uniformly flow through each space between 
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neighboring two electrodes through the pipes. 

On the other hand, it is also preferred to arrange, at 
the bottom of an electrolytic cell, a pipe provided with a 
plurality of holes through which an electrolyte can be 
discharged throughout the whole bottom of the electrolytic 
cell, to set up current plates on the bottom of the 
electrolytic cell or to form the bottom of the electrolytic 
cell into a funnel-like shape. 

In the high current density electrolyzation method 
according to the present invention, the electrolyte is 
continuously discharged from the electrolytic cell together 
with the slime adhered to the anode surface, the slime 
suspended in the cell and that settled on the bottom of the 
cell. The slime is then removed from the electrolyte 
discharged from the electrolytic cell according to any 
well-known method such as filtration. The minimum particle 
size of the slime to be removed by, for instance, filtration 
varies depending on, for instance, the desired purity of the 
electrolytically refined copper, the quality of the anode 
used, and conditions for the electrolyzation such as the 
composition of the electrolyte used and therefore, the slime 
is removed while arbitrarily selecting the minimum retention 
particle size. For instance, the slime can be removed using 
a filter whose minimum retention particle size is not more 
than 100 fx m, preferably not more than 20 a6 m and more 
preferably not more than 5 jtx m. The electrolyte from which 
the slime has been removed is recirculated in the electrolytic 
cell . 

The high current density electrolyzation method of 
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copper can be practicable in any electrolyzation method 
currently used for electrolytic refining of copper such as the 
usual direct current electrolyzation method in which the 
direction of the electric current is not reversed, the PR 
electrolyzation method and the pulse electrolyzation method. 
However, the desired effect of the present invention can 
sufficiently be accomplished by the usual direct current 
electrolyzation method and therefore, it is preferred to carry 
out the method of this invention according to the usual direct 
current electrolyzation method, while taking into account, 
for instance, the cost required for the device to be used and 
the operating properties. 

The present invention will hereunder be described in 
more specifically on the basis of the following Test Examples 
and working Examples. 

Test Example 1 

An experimental electrolytic cell having the following 
inside dimensions: a width of 24 cm; a length (in the 
direction parallel to the surface of the electrode plates) of 
7 cm; and a depth of 130 cm was produced using transparent 
acrylic resin plates. The anode used herein was a copper 
plate having a purity of 95% and the following dimensions: a 
length of 100 cm; a breadth of 5 cm; and a thickness of 4 cm 
and the cathode used herein was a starting copper plate having 
a purity of 99.99% and the following dimensions: a length of 
100 cm; a breadth of 5 cm; and a thickness of 0.07 cm. A sheet 
of this anode and a sheet of the cathode were placed in the 
experimental electrolytic cell in such a manner that the 
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inter-electrode center-to-center distance between the anode 
and the cathode was equal to 5 cm. There was introduced, into 
the experimental electrolytic cell., an electrolyte obtained 
by dispersing, into an electrolyte having a copper 
concentration of 4 6 g/1 and a free sulfuric acid concentration 
of 190 g/1, a tracer, which comprised fine particles of a 
pigmented resin having a specific gravity identical to that 
of the electrolyte. Moreover, in order to observe the flow 
condition of the electrolyte at any position on the cathode 
surface and along the vertical direction, during the practice 
of the electrolyzation, a CCD camera was installed on the 
outer side of the acrylic resin plate in the widthwise 
direction of the experimental electrolytic cell in such a 
manner that the camera could move up and down. 

The temperature of the electrolyte accommodated in the 
electrolytic cell was maintained at 65 *C and the 
electrolyzation was separately carried out at current 
densities specified in the following Table 1 or 360 A/m^ and 
385 A/wi . Then the flow condition of the electrolyte was 
observed at a variety of positions on the cathode surface in 
the vertical direction. The electrolyte upward flows at all 
of the positions examined, but the upward velocity of the 
electrolyte varies depending on the difference in the vertical 
position on the cathode surface as will be seen from the data 
listed in Table 1. More specifically, the velocity gradually 
increased from the lower end of the cathode to the middle 
thereof and then gradually decreased from the middle to the 
upper end of the cathode. In other word, the upward velocity 
of the electrolyte was maximized at the middle of the cathode 
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in the vertical direction and was minimized at the lower end 
thereof. 

Table 1 



Position of observation (vertical 
distance from the lower end of 
the cathode surface) 


Current Density 


360 A/m- 


385 A/m' 


1 cm (the lower position on the 
cathode surface) 

50 cm (the middle position on the 
cathode surface) 

90 cm (the upper position on the 
cathode surface) 


4.1 m/h 
39.4 m/h 
29.9 m/h 


4 . 4 m/h 
42.9 m/h 
37.5 m/h 



Fig. 1 is a graph obtained by plotting the data listed 
in Table 1. 

Test Example 2 

The same electrolytic cell, electrolyte, anode, cathode 
and CCD camera used in Test Example 1 were arranged in the same 
manner used in Test Example 1. The temperature of the 
electrolyte accommodated in the electrolytic cell was 
maintained at 65 °C and the electrolyzation was separately 
carried out at each current density specified in the following 
Table 2 or 405 A/m' , 616 A/m' or 917 A/m' . Then the flow 
condition of the electrolyte was observed at a variety of 
positions on the cathode surface in the vertical direction. 
The electrolyte flowed upward at all of the positions 
examined, but the upward velocity of the electrolyte increased 
as the current density increased as will be seen from the data 
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listed in Table 2. 



Table 2 



Position of observation 
(vertical distance from 
the lower end of the 
cathode surface) 


Current Density 


4 05 A/m' 


616 A/m' 


917 A/m' 


10 cm 
30 cm 
50 cm 


22 m/h 
39 m/h 
4 8 m/h 


27 m/h 
52 m/h 
61 m/h 


30 m/h 
70 m/h 
7 9 m/h 



Fig. 2 is a graph obtained by plotting the data listed 
in Table 2. 

Example 1 

In this Example, there was used an electrolytic cell of 
concrete lined with vinyl chloride resin, which had the 
following inside dimensions: a width of 4 86 cm; a length (in 
the direction parallel to the surface of the electrode plates) 
of 120 cm; and a depth of 130 cm. The tip of an acid resistant 
fiber scope was immersed in the electrolyte and a CCD camera 
was positioned at the basic end of the fiber scope, which was 
externally projected from the electrolytic cell so that the 
flow condition of the electrolyte could be observed at a 
position on the cathode surface about 50 cm distant from the 
lower end of the surface in the vertical direction during the 
electrolyzation. The anode used herein was a copper plate 
having a purity of 95% and the following dimensions: a length 
of 98 cm; a breadth of 96 cm; and a thickness of 4 cm and the 
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cathode used herein was a starting copper plate having a 
purity of 99.99% and the following dimensions: a length of 100 
cm; a breadth of 100 cm; and a thickness of 0.07 cm. The 
anodes (47 sheets) and the cathodes (4 6 sheets) were 
alternately placed in the foregoing electrolytic cell in such 
a manner that the inter-electrode center-to-center distance 
between each pair of neighboring anode and cathode was equal 
to 5 cm (the inter-electrode distance (center-to~center 
distance) currently used in the electrolytic refining 
technique for copper is 10 cm) . 

There were provided a plurality of thin pipes each 
having a slit extending along the longitudinal direction of 
the pipe and a length of 110 cm and an outer diameter of 2 cm. 
These thin pipes were assembled by connecting them to a 
conduit pipe positioned in the exterior of the electrolytic 
cell in such a manner that the pipes could be arranged 
parallel to the electrode plates in the electrolytic cell, in 
the space between each pair of the neighboring anode and 
cathode and in the exterior of the both terminal anodes while 
each slit pointed the downward direction and that they could 
be immersed in the upper portion of the electrolyte. 
Moreover, there was arranged, at the bottom of the 
electrolytic cell, a pipe provided with a plurality of holes 
through which an electrolyte could be discharged throughout 
the whole bottom of the electrolytic cell and the 
electrolyte-discharging pipe was connected to the external 
conduit pipe for introducing the electrolyte through a pump, 
a filter and a tailings cell so that the electrolyte could 
pass therethrough . 
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An electrolyte prepared by dispersing, into an 
electrolyte having a copper concentration of 4 6 g/1 and a free 
sulfuric acid concentration of 190 g/1, a tracer, which 
comprised fine particles of a pigmented resin having a 
specific gravity identical to that of the electrolyte was 
used, followed by introducing the electrolyte into the 
electrolytic cell from the external electrolyte-introducing 
conduit pipe to thus allow the electrolyte to flow through 
each of the slitted pipes to thus uniformly make the 
electrolyte run through the spaces between each neighboring 
electrodes, discharging the electrolyte through the 
electrolyte-discharging pipe together with the slime and 
recirculating the electrolyte to the external 
electrolyte-introducing conduit pipe through the pijmip, the 
filter having a minimum retention particle size of 5 ^ m and 
the tailings cell. 

The temperature of the electrolyte in the electrolytic 
cell was maintained at 65 and the electrolyzation was 
carried out at a current density specified in the following 
Table 3 over a time likewise specified in Table 3, while the 
electrolyte was circulated at an average velocity of the 
electrolyte between the electrodes as shown in Table 3. The 
flow condition of the electrolyte was observed at a position 
on the cathode surface about 50 cm distant from the lower end 
of the surface in the vertical direction during the 
electrolyzation. The results thus obtained are shown in Table 
3. After the completion of the electrolyzation, the anode was 
inspected for the presence of any passivation. The results 
obtained are also shown in Table 3, Further, the resulting 



jL O U 'T O /' ^'fl"S .« iJ ^ fci: 

2 0 

electrolytically refined copper was inspected for the surface 
configuration and the presence of impurities and the results 
obtained are summarized in Table 3, Moreover, to make clear 
the relation between the average velocity of the electrolyte 
between the electrodes and the current density required for 
the achievement of the intended effects of the present 
invention, the values of the following equation were 
calculated while assuming the current density to be X A/m^ and 
the results obtained are likewise listed in the following 
Table 3: 

250 X { (X - 350) 7350} ' ' ' 

As will be clear from the data listed in Table 3, the 
use of the method for electrolytically refining copper at a 
high current density according to the present invention would 
permit the production of electrolytically refined copper, 
which has only a low content of impurities such as S, As, Sb 
and Bi, without causing any passivation of the anode even when 
copper is electrolytically refined at a high current density, 
any adhesion of slime to the cathode surface and generation 
of any nodule (particulate copper) and/or wrinkle-like 
unevenness on the cathode surface. 
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What is claimed is: 

A method for electrolyticaliy refining copper, which 
makes use of crude copper as an anode, the method being 
characterized in that the temperature of the electrolyte in 
an electrolytic cell is maintained at a level of not less than 
55 °C / that the electrolyte is continuously introduced into 
the electrolytic cell from the top of the cell, continuously 
discharged from the bottom of the cell along with slime, the 
slime is removed from the electrolyte discharged from the 
electrolytic cell and the electrolyte free of any slime is 
recirculated in the cell; and that the electrolyte is passed 
through the space between the electrodes at an average 
velocity of the electrolyte sufficient for allowing the 
electrolyte to flow on the whole surface of the cathode 
downward or in the direction opposite to that of the upward 
stream of the electrolyte generated on the cathode surface 
when the electrolysis is initiated while the electrolyte is 
in the stationary state. 

2. The method for electrolyticaliy refining copper at a 
high current density according to claim 1, wherein the 
temperature of the electrolyte in the electrolytic cell is 
maintained at a level of not less than 60 *C . 

3. The method for electrolyticaliy refining copper at a 
high current density according to claim 1 or 2, wherein the 
cathode used is a starting copper plate, a titanium plate or 
an SUS plate. 

4. The method for electrolyticaliy refining copper at a 
high current density according to any one of claims 1 to 3, 
wherein slime is removed using a filter having a minimxom 
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retention particle size of not more than 20 u m. 

5. The method for electrolytically refining copper at a 
high current density according to any one of claims 1 to 4, 
wherein the electrolyzation is carried out under conditions, 
which satisfy the following inequalities: 

X > 350; 600 ^ Y ^ 80; and Y S 250 X { (X - 350) /350} ' ' ' 
wherein the current density is defined to be X A/m' and the 
average velocity of the electrolyte passing through the space 
between the electrodes is defined as Y m/h. 

6. The method for electrolytically refining copper at a 
high current density according to claim 5, wherein the 
electrolyzation is carried out under conditions, which 
satisfies the following inequalities: 

X ^ 400 and 600 ^ Y ^ 260 X { (X - 350) 7350} ' ' ' 

7. The method for electrolytically refining copper at a 
high current density according to any one of claims 1 to 6, 
wherein the electrolyzation is carried out without reversing 
the direction of the electric current. 
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Abstract 

The method for electrolytically refining copper herein 
described makes use of crude copper as an anode and is 
characterized in that the temperature of the electrolyte in 
an electrolytic cell is maintained at a level of not less than 
55 °C ; that the electrolyte is continuously introduced into 
the electrolytic cell from the top of the cell, continuously 
discharged from the bottom of the cell along with slime, the 
slime is removed from the electrolyte discharged from the 
electrolytic cell and the electrolyte free of any slime is 
recirculated in the cell; and that the electrolyte is passed 
through the space between the electrodes at an average 
electrolyte velocity sufficient for allowing the electrolyte 
to flow on the whole surface of the cathode downward or in the 
direction opposite to that of the upward stream of the 
electrolyte generated on the cathode surface when the 
electrolysis is initiated while the electrolyte is in the 
stationary state. The use of the foregoing electrolytic 
refining method would permit the production of 
electrolytically refined copper, which has only a low content 
of impurities such as S, As, Sb and Bi, without causing any 
passivation of the anode even when copper is electrolytically 
refined at a high current density, any adhesion of slime to 
the cathode surface and generation of any nodule (particulate 
copper) and/or wrinkle-like unevenness on the cathode 
surface • 
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Trademark Office connected therewith: (list name and 

registration number) 

I Robert J. Patch, Reg.No-JZi55_ Andrew J. Patch, Reg.No.a2*22S, 

^gly^ Robert F. Hargest, Reg.No-2iJ2£U Benoit Castel, Reg.No. 35.041 ^ 

y\ Eric Jensen, Reg.No. Thomas W. Perkins, Rcg.No . 33,027 an d 
Roland E. Long, Jr., Reg.No. 41^949 ~ 



Send Correspondence to: 

■JmUNIi- &-TJHOMPSOK 

Second Floor, 
^ 1^45 South Street, 

^^AEU^^n^^i^gima^lg^^ 

iSSf«SSiilS5fe ' (*(nAtKWS&»*) Direct Telephone Calls to: 

703/521-2297 







Full name of sole or first inventor 
Toshiko YOKOTA 






Inventor's signature ^ Date 
^JiJ>jQ. ^UMbx. April 23, 2002 






Residence . 

Saitama. Japan LJrjh — ^ 






Citizenship 
Japanese 






Post Office Address c/o Mitsui Mining £ind Smelting Co., Ltd., 
Corporate R&D Center, 1333-2, Haraichi, Ageo-shi, Saitania, Japan 










Full name of second joint inventor, if any 
Susumu TAKAHASHI 






Second inventor's signature . Dale 

S(M>U7ru<_. ylAj>.oJt\e>y^ April 23, '02 








Residence 

Saitarna, Japan V^Sr^L^-^ 


mm 




Citizenship 
Japanese 






Post Office Address c/o Mitsui Mining and Smelting Co., Ltd., 
Corporate R&D Center, 1333-2, Haraichi, Ageo-shi, Saitama, Japan 



(?fIHjy.»<0^t-IS15ft91'?i'K:-^v t> fPI^icjaJK L . 4ri" (Supply similar information and signature for third and subsequent 

f ^ y\ joint inventors.) 
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Japanese Language Declaration 







Full name ol third joint inventor, if any 

Mnknto nOR/\<sHL 






Third inventor's signature Date 

April 23, 2002 






Residence ^^^^ 1 
Saitania. Jap^n pL/>L^ 






Citizenship 

Japanese 






Post office address c/o Mitsui Mining and Smehing Co., Ltd., 
Corporate R&D Center, 1333-2, Haraichi, Ageo-shi, Saitama, Japan 












Full name of fourth joint inventor, if any 
Yoshiaki KINOSHITA 






Fourth inventor's signature^ Dale 
<^ lOtSy^.t^'AAyi April 23, 2002 






Reswfence ^-^s^ • 
Saitama^Japan ( jC^y^ 

^tniSL Si 


mm 




Citizenship 
Japanese 






Post office address c/o Mitsui Mining and Smelting Co., Ltd., 
Corporate R&D Center, 1333-2, Haraichi, Ageo-shi, Saitama, Japan 










Full name of fifth joint inventor, if any 






Fifth inventor's signature Date 






Residence 


mm 




Citizenship 








Post office address 










Full name of sixth joint inventor, if any 






Sixth inventor's signature Date 


mm^9tm*ir>m^ bh 




Residence 


mm 






Citizenship 






Post office address 
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